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ABSTRACT 

Rifling Twist is machined in cannon tubes to increase stability of rounds 

in flight. At Watervliet Arsenal, measurement of rotational and longitudinal 

motion of the rifling machines utilized to create rifling is considered an 

acceptable method of twist rate verification. This report describes the 

latest equipment utilized in this measurement, its advantages over previous 

methods and its limitations. 



ACKNOWLEnGEMENT 

The author greatly acknowledges Mr. A.G. Gallo 

for his advice and direction  in this project 

and  the technical   assistance contributed  by 

Mr.  J. Dwyer and Mr.  T.  McCloskey. 

n 



1.  INTRnnUCTION 

By the close of the American Civil War, rifled gun tubes had come into 

general use. Although the principle was known long before that time, and had 

already been applied to small arms, the machinery with the necessary 

capability for accurately rifling cannons did not exist until the mid- 

nineteenth century. 

Rifling consists of a number of helical grooves cut in the bore of a 

cannon, beginning in front of the chamber area  and extending to the muzzle. 

These grooves impart a rotational motion to the projectile which stabilizes it 

in flight. Projectiles are  designed with rotating bands of soft metal, 

slightly larger in diameter than the bore of the gun. As the projectile is 

forced through the bore under the action of propellent gases, the lands cut 

through the rotating band engraving it to conform to the cross section of the 

bore, enabling obturation and causing rotation of the projectile. The rate of 

twist of rifling can be uniform, increasing, or a combination of the two in 

different areas of the bore. 



2.     THE RIFLING PROCFSS 

At Watervliet Arsenal rifling is put. in gun bores by broaching i.e., a 

series of progressively larger cutters mounted on an extended "rifling bar" 

are pushed through a gun tube. As the rifling bar is moved through the gun 

bore, rotation of the rifling bar occurs and a specific angle of rotation is 

generated for a given distance traveled longitudinally. The rotation is 

controlled by a system of gear drives or by a helical guide groove cut in the 

O.n. of the bar. The rate of rotation of the bar and rifling broach at a 

particular downbore distance must be inspected to insure the rifling twist in 

the gun tube conforms to drawing requirements. Traditionally, because of the 

nature of the process, inspection of the rifling bar has been considered an 

adequate indication of the twist which is established in the gun tube. 



3.  INSPECTION TECHNIQUES - A HISTORY 

Inspection  of  a  rifling  bar  requires measurement  of  an  angle  of  rotation 

and  of linear distance traveled.     Over the years  state-of-the-art  inspection 

of these  features  has  changed  considerably.     Initially  inspection  of the 

rifling  bars  was done by  stacking  gage  blocks  to measure  linear distance  and 

strapping  a  sine bar to the  rifling  bar to make a measurement  of angle of 

rotation.     This method  required  a complex mechanical   set-up at each  inspection 

point.     The  inspection was very time  consuming, and  due  to  the  large  number of 

required mechanical   interfaces,  was  subject  to  errors.     To  perform  a  complete 

rifling  bar inspection  using these techniques and  to manually record the  read- 

ings  required  between  32 and  64 man-hours.     Obviously, during this  time, 

production  had to be  interrupted. 

In  recent years,  rotary encoders  which measure  rotational   position  came 

into widespread  use.    A rotary encoder  is an electro-optical   device that 

utilizes  a light source,  photodetector, and  a serrated  glass wheel   to  provide 

a digital   readout of shaft  rotation  in degrees.    The  sine bar set-up was 

replaced with an encoder strapped  to  the  rifling  bar with a heavy brass 

pendulum attached  to  provide a verticle  reference.    This  pendulum maintains  a 

zero  point  from which  the  rotation  of  the  rifling  bar can be measured.  The 

value of this  rotation  is then displayed on a digital   readout. 

Measurement of linear distance traveled was converted to more advanced 

techniques with the  utilization of the laser interferometer.    This length 

measurement  system utilizes the  standard wavelength of  helium-neon  generated 

laser light as  a primary length  standard   (See Fig  1).     It  is  recognized  as  an 

accepted length  standard by the  National   Bureau of Standards.  The laser  system 

also  utilizes  a digital   readout  system.    Roth these  readout  systems give 

information which  is gathered  at each  inspection  point. 



This data is recorded and calculations indicating deviation from nominal   twist 

rates  are made.    An advancement of this  system utilized  a Hewlett-Packard 

calculator to  take  readings  from  each  readout device at the  push of  a button, 

and  to  perform the necessary calculations.     Inspection of a rifling machine 

utilizing  this  improved  system  required  approximately eight man-hours.     A 

major delay  still   remained   in  that the  rifling  bar had  to  be  stopped  at  each 

inspection  point  in order to  take  simultaneous  readings  of angle  and  distance. 

Errors  are introduced  into the inspection  process when the machine  is  stopped. 

Any backlash,  wind-up, etc.  in the machine is  introduced  into  the measurements 

by each  stop and  start.     It was desirable to take  readings  as  the  rifling  bar 

was  in motion but neither the equipment nor the push button operation was 

adequate to  sample both readout devices  simultaneously.    Any difference  in the 

exact time the readings of angular position and linear position are taken 

introduced  an  uncertainty error in actual   composite position and, therefore, 

a  false  representation of  actual   twist  rate. 



4.  SYSTEM DESCRIPTION 

The  intgitt of  the  project  was to develop  a new system to measure rifling 

twist more quickly and  accurately.     The chosen method was to employ a  rotary 

encoder of  slightly greater  resolution  than those  presently  used mounted   in  a 

fixture that would be  pushed through the tube,  simulating the actual   rifling 

operation.    A new,  faster computer has been employed  to take  linear  readings 

from the laser interferometer system and  angular readings  from the  rotary 

encoder within  computer execution  time.  The actual   time  between  these  two 

samplings must be  small   enough  such  that the change  in  position-of the head 

during  this time  is  negligible, that  is,  the  angular and  linear  readings 

correspond  to  essentially one head  position.    A model   9R;?B Hewlett-Packard 

desktop computer is utilized.    A program was written  in  such  a way as to 

minimize the actual   finite "computer time"  required  between linear and  angular 

read  statemerts.     This new procedure and  equipment  have made  it possible to 

take  accurate  readings  "on the  fly" that  is,  without  stopping  the motion of 

the  rifling machine. 

A measuring  head was designed  and  built to  hold the  rotary encoder and 

to guide the  rifling  bar through the gun  tube.    This  head  is mounted  in  place 

of the  rifling  cutter and  is  pushed through  a  smooth bore gun  tube which  has 

not yet  progressed to the  rifling  operation.    The head must support the  rif- 

ling  bar as  it traverses through the gun  tube.    This  head  houses a  rotary 

encoder with  .005 degree resolution.    The encoder was  specified with special 

low friction bearings which  help the  shaft mounted  pendulum seek  a more con- 

sistent vertical   reference to gravity.     Several   materials  and  pendulum config- 

urations  were evaluated  to  find  the combination which gives the most  repeat- 

able  results within the  space  restrictions.     Any pendulum effects  related to 

the ability to establish this  zero reference show up in excessive  scattering 



of data points about the smooth curve. These errors are caused when the 

pendulum is pushed to an off vertical position by bearing friction and then 

falls back to and past its zero position. As the measuring head passes 

through the tube the head and encoder body rotate while the encoder shaft 

remains referenced to gravity. The encoder readout shows actual rotation of 

the would be rifling cutter. Obviously, minimizing the deviations of the 

pendulum from true zero leads to a more accurate inspection system. 



B.  PRESENT USE 

The system developed under this project is now being utilized by the 

Calibration Branch of the Metrology Laboratory Division of the Product 

Assurance Directorate.  Inspection of a typical rifling bar now takes two men 

approximately two hours. Most of this time is consumed during system set-up. 

Multiple runs are often taken to show system repeatability. Data is presented 

both as numerical values (See Fig. 2) and as a plot of "downbore" position vs. 

circumferential and linear error (See Fig. 3). Circumferential error is the 

deviation in thousandths from a nominal rotation. Rifling twist is generally 

specified as "one turn in XX calibers" (caliber = bore diameter). This 

translates to 360° rotation, or one circumference of the bore, in a specified 

linear or "downbore" distance. Errors are  specified as an error in rotational 

angle, circumferential travel around the bore surface or as a linear or 

"downbore" error assuming the rotation to be nominal. These are  all 

proportional and the graphical presentation allows the responsible people to 

evaluate the inspection results using whichever criteria they prefer. 

As the system is used today, the head to guide the encoder through the 

tube is not required in most inspections.  It has been found that the encoder 

can simply be strapped to the rifling bar utilizing a double vee-block. 

Readings are  taken "on the fly" with much improved accuracy and great time 

savings over previous incremental methods. 



6.  CONCLUSIONS 

Measurement of rifling twist on the machines used to rifle cannon is now 

performed routinely at Watervliet Arsenal. Calibration people have become 

skilled in the capabilities of the equipment and, because of the interfaced 

computer, are able to adjust the inspection process or the readout information 

as desired. Readings can be taken at selected intervals or continuously, as 

fast as the computer can sample the two devices. Numerical presentations can 

be changed by minor program changes as can graphical presentations. 

Programming can provide different measurement scales, colored plots for repeat 

runs, presentation of allowable tolerance zones or presentation of data in any 

method desired. 

The rotary encoders, laser equipment, and interfaced computer equipment 

utilized for this inspection are being utilized throughout the Arsenal. Work 

has been done recently to adapt this equipment to measure the actual twist of 

the rifled tube. This is a verification of the rifling operation and will 

give information as to broach condition, possible twisting of the rifling bar, 

poor condition of the gears in the machine drive or guide key wear. All these 

are process varibles which must be controlled. The advancement in the 

state-of-the-art of rifling twist inspection realized by implementation of 

this project has allowed a better understanding of rifling in tubes and has 

enabled design engineers to study more closely rifling twist requirements as 

related to projectile performance. 
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RIFLING BAR IHSPECTIOH R(PORT 

Tub.I     105,-,/,., M68 Dare: 14 Ru,. SI 

Bar Du,. Ho. Qf^/? /?,^, gar InsP. Ho.! ^^T-7^-/ 

Botic Bore Dia. 4.1340 Twist: l Turn in 18.0000 Calibers 

Down Bore Total Hofi. Circui'i. Ci rcuii. Doun Bore 
Distance Tuiiit MoMet'ient Error Error 

>'>>: ORIGIH OF RIFLIHG < < < < 

0.0000 0.0000 0.0000 0.0000 0.8000 
4.0017 19.3450 0.6984 -0.0005 0.0031 
8.0043 3S.7700 1.3971 0.0016 -0.0090 
11.9951 55.0700 2.8935 0.0014 -0.0030 
16.0010 77.3900 2.7927 -0.0003 0.0044 
20.0059 96.7350 3.4917 -0.0019 0.0107 
23.9988 116.0800 .  4.1886 -0.0009 0.0050 
28.0045 135.4550 4.S877 -0.0010 0.0059 
31.9949 154.7250 5.5842 -0.0023 0.0133 
35.9984 174.1450 6.2829 -0.0005 0.0027 
40.8011 193.5280 6.9815 -0.0001 0.0005 
44.9023 212.8700 7.6799 -0.0004 0.0026 
48.0042 232.2650 8.3783 0.0009 -0.0050 
52.0044 251.5658 9.8765 -0.0010 0.0059 
56.0031 270.9058 9.7744 -0.0012 0.0070 
59.9945 290.1700 10.4710 -0.0029 0.0164 
63.9979 309.5100 11.1697 -0.0039 0.0222 
68.0019 328.9650 11.3686 -0.0008 0.0048 
71.9942 348.2508 12,5654 -0.0019 0.0109 
76.8011 367.6600 13.2647 -0.0010 0.0053 
79.9993 336.9750 13,9625 -0.0020 8.0115 
83.9978 406.2500 14.6604 -0.0045 0.0259 
37.9976 425.6900 15.3585 -0.0013 0.0074 
91.9990 444.9750 16.0568 -0.0040 0.0226 
96.0005 464.2850 16.7552 -0.0057 0.0328 
180.8021 483.7100 17.4537 -0.0034 0.0192 
184.8033 502.9150 18.1520 -0,0089 0.0508 
108.0035 522.2950 18.8502 -0.0079 0.0451 
112.8042 541.5550 19.5484 -0.0113 0.0647 
116.8029 561.0400 20.2463 -0.0063 0.0360 
128.0043 580.3350 20.9447 -0.0067 0.0387 
124.8854 599.7160 21.6430 -0.0079 0.0453 
127.9940 619.0400 22.3392 -0.0067 0.0334 
131,9979 633.3650 23.0380 -0.0084 0.0479 
136.0027 657.7750 23.7370 -0.0071 8.0406 
148.0053 677.1350 24.4355 -0.0072 0.0415 
143.9976 696.5158 25.1323 -0.0049 0.0280 
148.8053 715.9000 25.8313 -0.0050, 0.0288 
151.9971 735.2300 26.5285 -0.0044 0.0250 
155.9979 754.5350 27.2268 -0.0062 0.0355 
159.9998 773.3750 27.9252 -0.0070 0.0399 
164.0827 793.2300 28.6239 -0.0073 0.0420 
167.9935 812.5250 29.3204 -0.0078 0.8446 
171.9994 831.9750 30.0196 -0.0053 0,8302 
175.9938 351.1700 30.7167 -0.0099 8.0570 
179.9984 
184.0045 

870.4700 
889.9300 

31.4156 
32.1148 

-0.8126 
-0.0098 

0.0722 
0.0560 

188.0051 909.4550 32.8131 -0.0036 0.0207 

FIGURE 2: COMPUTER PRINTOUT 
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